
476 Br6ves communications - Kurze Mitteilungen EXPER1ENTIA XIX/9 

27th day.  These  observa t ions  would indica te  t h a t  the  
roach  e l iminates  benzpyrene  flfllowing oral  admin i s t r a t i on  
as we repor ted  in the  mouse,  chicken and  duck  2. However ,  
t h e  ra te  of excret ion is much  slower in t he  roach  t h a n  i t  is 
in the  w a r m  blooded animals.  Certainly,  the re  is no th in g  
in these  exper imen t s  to suggest  t h a t  b e n z p y r e n e  is s tored  
in the  t issues of the  roach for long per iods  of t ime.  

Al though  there  is some blue f luorescence of t he  wings 
and  body  of the  un t r ea t ed  roach,  b e n z p y r e n e  was  neve r  
ex t r ac t ed  f rom the  body.  F u r t h e r m o r e ,  t he  i n t ens i ty  of 
t he  blue f luorescence is min ima l  in t he  controls  as com- 
pared  wi th  t h a t  of the  roaches  fed benzpyrene .  

W I L L I A M S  :~ observed  t h a t  benzpyrene ,  as well as some 
of its metabol i tes ,  has  a blue f luorescence.  No a t t e m p t ,  
however ,  has  been  made  in th is  s t u d y  to d e m o n s t r a t e  a n y  
metabo l i t es  t h a t  m a y  be p re sen t  in e i ther  t he  t issues or 
stools. Obviously,  benzpy rene  is me tabo l i zed  wi th in  the  
roach since no benzpy rene  was  d e m o n s t r a t e d  in the  stools  
af ter  the  food con ta in ing  b e n z p y r e n e  had  been  discon-  
t inued.  However ,  i t  was  stil l  p r e sen t  in t h e  b o d y  of 
roaches,  a l t hough  subsequen t ly  it d i sappeared .  Benz-  
pyrene  remains  in t he  t issues of t h e  roach  m u c h  longer  
t h a n  it does in the  t issues of the  mouse  and  chicken.  These  
observa t ions  in t he  cockroach  would  suggest  t h a t  t issues 
o the r  t h a n  the  k idney  and  l iver m a y  metabol ize  benz-  

1.00 

0 . 9 0  

0.80 

0.70 

0.00 

-->" 0.50 -=~ 

- -  0.40 

0.30 

0.20 

0.10 

2 

L 
aOO~o 31'0 ~ 350 370 ~0 4]'o 

Wave length in mp 

Fig. 4. Absorptio, l  curve  for pyrene  in tissues of roaches.  

Curve 1. Pyrene standard in benzene. Tissue extracted in benzene 
Beckman DU Spectrophotometer 

2. Body of roach fed pyrene 6 days (5 mg/g food) then con- 
trol food for 7 days. 

pyrene  since the re  is no l iver or k idney  in the  cockroach  
like in ma mma l s .  

Py r e n e  and  an th racene  can be ex t r ac t ed  f rom the  t is-  
sues of roaches  fed these  hydroca rbons .  Py r e n e  and  an-  
th racene ,  like benzpyrene ,  will pers is t  in t he  t issue of t he  
roach  a f te r  t he  food con ta in ing  these  2 h y d r o c a r b o n s  has 
been  d iscont inued .  Ne i the r  of these  h y d r o c a r b o n s  was 
d e m o n s t r a t e d  in the  t issues of t he  roaches  killed 17 days  
a f t e r  food con ta in ing  py rene  and  a n t h r a c e n e  h a d  been 
d i scon t inued  6. 
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Fig. 5. Absorption curve for anthracene in tissues of roaches. 

Curve 1. Anthracene standard Read in benzene. Tissue benzene ex- 
tracted Beckman Spectrophotometer 

2. Body roach fed anthracene 6 days (5 mg/g food) then con- 
trol food for 7 days. 

Rdsumd. Le benzopyr6ne  le pyr~ne e t  l ' an thrac~ne  peu-  
v e n t  8tre r6v616s au m o y e n  du spec t ropho tom6t re  dans  
les ex t ra i t s  de t issu des b la t t e s  (Periplaneta americana) 
nourr ies  avec ees hyd roca rbu re s ;  ils sont  excr6t6s lo r squ 'on  
i n t e r r o m p t  l ' a l imenta t ion .  

R. H. RIGDON and  J. NEAL 

Departments o/ Pathology and Preventive :IIedicine and 
Public Health, The University o/ Texas Medical Branch, 
Galveston (Texas, U.S.A.),  May  27, 1963. 

6 This study in the cockroach was suggested by J. MACK, a labora- 
tory assistant, who also contributed much to the technical conduct 
of the experiment. 

Effect of Ioniz ing  Radiat ion on the T e s t e s  of Rat 

X-i r rad ia t ion  has  a marked  effect  on the  l iving germ 
ceils, as evidenced by  the  var ious  changes  in t he  cons t i tu -  
t ion and  behaviour  of t he  in t racel lular  inclusions.  The 
sequence  of these  aber ra t ions  is diff icult  to follow as 
chronological  s tudies  of t he  l iving i r rad ia ted  germ cells 
have  no t  been  carried out  in the  p re sen t  inves t iga t ions  
and  will be dea l t  w i th  in detai l  elsewhere.  

Pu re  bred  \Vis ta r  rats ,  e ight  weeks old, were sub jec ted  
to  whole  b o d y  i r rad ia t ion  according  to  t he  following 
schedu le - -325  r a t  200 kV, f i l ter  1 A1 plus 1/2 Cu, t a r g e t  
d is tance  50 cm, wi th  the  dose ra te  a t  36 r /min .  The init ial  
dose of 325 r was  r e p e a t e d  eve ry  24 h till the  m a x i m u m  
dose reached  1300 r. Control  r a t s  f rom the  same age group 
were kep t  and  p rov ided  wi th  the  same e x p e r i m e n t a l  con- 
d i t ions  w i t h o u t  exposure  to  X-rays .  I n d u c e d  ra t s  f rom 
di f ferent  dose levels were  sacrif iced a f te r  a week and  



15. IX. 1963 Brevi comunicazioni - Brief Reports 477 

smear s  of t e s t e s  were p r e p a r e d  a n d  f ixed in formol  cal- 
c i u m L  The  s t a i n i n g  was  ca r r ied  o u t  b y  H o l l a n d e ' s  Chlor-  
ca rmine ,  i ron  a l u m  h a e m a t o x y l i n ,  a n d  e o s i n - h a e m a t o x y l i n  
m e t h o d s  ~. 

The  changes  in t he  i r r a d i a t e d  r a t s  were slow a n d  g r a d u a l  
a n d  were h a r d l y  pe rcep t ib l e  a t  lower  dose levels.  A t  1300 r 
b o t h  t h e  e x t e r n a l  a n d  i n t e r n a l  changes  in t he  t es tes  were 
p ronounced .  The  p r e s e n t  i nves t i ga t i ons  dea l  w i t h  t he  
changes  a t  t he  1300 r dose level  b u t  t he  conclus ions  
d r a w n  will a p p l y  equa l ly  well  to  a n y  dose wh ich  causes  
e x t e r n a l  morpho log ica l  changes  a n d  t he  i n v o l u t i o n  of 
test is .  

A m o n g  m a r k e d  e x t e r n a l  changes  in t he  b o d y  were t h e  
g r a d u a l  opac i t y  of t he  lens  of t he  eye, genera l  swell ing of 
t he  face, a n i m a l s  b e c o m i n g  s luggish  a n d  u l t i m a t e l y  d y i n g  
a f t e r  a s h o r t  lapse of t ime.  J u s t  p r io r  to  t h e  dea th ,  t h e  
t e s t e s  were d issec ted  o u t  a n d  smears  were p repa red .  

Cytological  e x a m i n a t i o n  of t he  n o r m a l  smea r s  r evea led  
t h e  p resence  of Ser tol i  cells w i t h  p r o m i n e n t  nuc leus  m a r k -  
ing t he  p e r i p h e r a l  l in ing  a n d  t h e  ob long  i n t e r s t i t i a l  cells. 
B o t h  Ser tol i  a n d  i n t e r s t i t i a l  cells were ac t ive  a n d  mi to t i c  
d iv i s ions  were obse rved .  The  l u m e n  of t he  tes t i s  was  full 
of s p e r m a t o g o n i a  a n d  t he  s e c o n d a r y  s p e r m a t o c y t e .  T h e r e  
was  no  t r a c e  of a n y  of t he  a d v a n c e d  s tages  of s p e r m a t o -  
genesis.  B o t h  t h e  s p e r m a t o g o n i a  a n d  t he  s p e r m a t o c y t e s  
were  in  g r o w t h  phases  of t h e  meio t ic  d iv is ions  i n d i c a t i n g  
t h e  i n i t i a t i o n  of t he  spe rmatogenes i s .  The  s p e r m a t o g o n i a  
c o n t a i n e d  r o u n d e d  or  ova l  Golgi  bod ies  wh ich  b e c a m e  
more  p r o n o u n c e d  in t he  s e c o n d a r y  s p e r m a t o c y t e s  h a v i n g  
a c h r o m o p h o b e  in te r io r  a n d  c h r o m o p h i l i c  exter ior .  T h e y  
were m a i n l y  d i s t r i b u t e d  a long  t h e  l a te ra l  a spec t s  of t h e  
nuc leus  enc los ing  a d a r k  s t a i ned  granule ,  t h e  c e n t r o s o m e  
w h i c h  was  p r e s e n t  t o w a r d s  t he  a n t e r i o r  end  of t h e  nucleus .  
The  m i t o c h o n d r i a  were in t h e  fo rm of sma l l  rod le t s  a n d  
s c a t t e r e d  t h r o u g h o u t  t he  cy top l a sm.  T h e  i n t e r p h a s e  
nuc leus  was b o u n d  b y  a t h i n  t r a n s p a r e n t  m e m b r a n e  en-  
closing t he  c h r o m a t i n  n e t w o r k  w i t h  a p r o m i n e n t  nucle-  
olus. 

I n  i r r a d i a t e d  spec imens ,  va r ious  a b n o r m a l i t i e s  h a d  
b e e n  observed .  T h e  effect  was  s ign i f i can t ly  l i t t le  on  t h e  
o u t e r  ce l lu lar  l ayer  w h i c h  cons is ted  m a i n l y  of Ser tol i  
cells. T h e  no t i ceab le  c h a n g e  was t he  cessa t ion  of mi tos i s  
a n d  t he  c l u m p i n g  of nuc l ea r  ma te r i a l .  The  i n t e r s t i t i a l  cells 
were c o m p a r a t i v e l y  r a d i o r e s i s t a n t  a n d  showed  no, or  v e r y  
l i t t le ,  va r i a t i on .  I n  some i n t e r s t i t i a l  cells where  mi tos i s  
was  in i t i a t ed ,  i t  was  c o m p l e t e d  w i t h o u t  a n y  a b e r r a t i o n  in 
sp i te  of h e a v y  i r r ad ia t ion .  

The  Golgi  bodies,  w h i c h  were  c i rcu la r  in ou t l ine  in  t h e  
n o r m a l  s p e r m a t o c y t e s ,  a s s u m e d  g r a n u l a r  a p p e a r a n c e  in 
t h e  i r r a d i a t e d  spec imens  (F igure  1) a n d  b e c a m e  concen-  
t r a t e d  as g r a n u l a r  mass.  The  c e n t r o s o m e  was also d iv ided  
i n to  two,  m o v e d  t o w a r d s  t h e  pos te r io r  a spec t  of t h e  nu -  
cleus a n d  occupied  t he  pos i t ion  n e a r  t he  m i t o c h o n d r i a l  
mass  (Figure  1). F u r t h e r  changes  in t he  cen t ro somes  could  
n o t  be  fol lowed due  to  t h e i r  e x t r e m e l y  smal l  size. 

The  m i t o c h o n d r i a l  rod le t s  showed  pecul ia r  a b e r r a t i o n  
in  i r r a d i a t e d  ra ts .  T h e y  b e g a n  to  aggrega te  a n d  agglu t i -  
na te ,  a n d  occupied  a j u x t a  nuc l ea r  pos i t ion  (Figure  2). 
T h e  i n d i v i d u a l  iden t i t i e s  of t h e  rod le t s  were lost  a n d  the  
en t i r e  m i t o c h o n d r i a l  e l e m e n t  a p p e a r e d  as a s ingle mass  
r e sembl ing  t h a t  of i r r a d i a t e d  m i t o c h o n d r i a l  ' n e b e n k e r n '  
of insec ts  a. Th i s  c lear ly  i n d i c a t e d  a lag effect  as, in  t he  
n o r m a l  spe rmatogenes i s ,  t h i s  cond i t i on  is m e t  w i t h  in  t h e  
s p e r m a t i d  s tage.  

The  f i rs t  changes  in t he  s p e r m a t o c y t e  w h i c h  ap-  
p e a r e d  due  to  i r r a d i a t i o n  were found  in t he  nucleus .  A 
s h o r t  t i m e  a f t e r  i r r ad ia t ion ,  t h e  c l u m p i n g  of t he  c h r o m a -  
t i n  m a t e r i a l  t o o k  place.  O t h e r  a l t e r a t i o n s  i nc luded  t h e  
v a c u o l i z a t i o n  of t h e  c h r o m a t i n  m a t e r i a l  a n d  t he  nucle-  

olus, t h e  s t oppage  of all  d iv i s ion  s tages,  a n d  t h e  t h i cken -  
ing of t h e  nuc l ea r  m e m b r a n e .  None  of t h e  s t r u c t u r e s  of t h e  
nucleus,  however ,  lost  t h e  s t a i n i n g  p rope r t i e s  (Figure  2). 

The re  is a genera l  a g r e e m e n t  t h a t  all  cell inc lus ions  are  
sens i t ive  to  X - r a y s  4,5, a n d  show a b n o r m a l  changes .  T h e r e  
are two views r ega rd ing  t h e  s e n s i t i v i t y  of t h e  cell inclu-  
sions. Accord ing  to  FOGG a n d  WARREN 6, BLOOM a n d  
BLOOM 7, an d  SPEAR 5, t h e  nuc leus  is more  sens i t ive  t h a n  
t h e  res t  of the  cell;  whi le  t h e  oppos ing  v iew is he ld  b y  
DURYEE 8 a n d  CARLSON 4, sugges t ing  c y t o p l a s m i c  inclu-  
sions to  be  more  suscept ib le  to  X- rays .  T h e  p r e s e n t  in-  
v e s t i g a t i o n s  s u p p o r t  the  fo rmer  v iew s ince t h e  nuclei  of 
va r ious  cells t e n d  to be af fec ted  e v e n  a f t e r  sma l l  doses  of 
X- rays ,  a n d  t h e  effect  is i nd ica t ed  b y  t h e  r a p i d  cessa t ion  
of mi tos i s  a n d  t h e  c lumping  of t h e  c h r o m a t i n  ma te r i a l .  
WARREN 9 sugges ted  t h a t  no t  all mi tos i s  is i n h i b i t e d  due  
to  X- rays .  Most  cells which  h a d  u n d e r g o n e  t h e  f i rs t  mor -  
pholog ica l ly  e v i d e n t  mi to t i c  changes  seem to  go t h r o u g h  
t h e  res t  of t h e  process  a l t h o u g h  t h e y  m a y  show lagging  
or  o the rwise  d a m a g e d  chromosome.  Such  a n  o b s e r v a t i o n  
was t r ue  on ly  for t h e  i n t e r s t i t i a l  cells in our  i n v e s t i g a t i o n s  
in  some of wh ich  t h e  mi tos i s  con t inued .  

T h e  s p e r m a t o c y t e s  show a genera l  lagging effect,  t h e  
a c c u m u l a t i o n  of t h e  m i t o c h o n d r i a  and  the  conve r s ion  of 
t h e  Golgi  bodies  in to  t h e  g r a n u l a r  form are due to i r r ad ia -  
t ion  effects.  Th i s  effect  on  t h e  Golgi bodies  h a d  been  ob-  
se rved  ear l ie r  b y  GATENBY a n d  WIGODER 1° in X- i r r a -  
d i a t ed  Cavia specimens ,  b u t  t h e y  were unab le  to  s t a t e  
def in i te ly  t h a t  th i s  was  an  i r r a d i a t i o n  effect. The  move-  
m e n t  of t h e  c e n t r o s o m e  f rom t h e  Golgi complex  to t h e  
m i t o c h o n d r i a l  region a n d  i ts  d iv i s ion  is due  to  t h e  fac t  

Fig. 1 Fig. 2 

Fig. 1. Smear of irradiated testis showing secondary spermatocytes 
with abnormal nucleus (N), aggregated mitochondria (M), dividing 

centrosomes (C 1 and C~), and Golgi granules (G). × 670. 

Fig. 2. Smear of irradiated testis showing spcrmatocytes with agglu- 
tination of mitoehondria (M). × 670. 
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New York 1954), vol. 1. 

s W. R. DURYEE, J. Natl. Cancer Inst. 10, 735 (1949). 
9 S. WARREN, Arch. Path. 35, 30-1 (1943). 
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t h a t  the  Golgi bodies lose the i r  form, leaving the  cent ro-  
some free. The  m o v e m e n t  and  subsequen t  divis ion is en- 
h a n c e d  due to i r radiat ion.  I t  has  also been  sugges ted  b y  
LINDERGREN et  al. xl t h a t  the  centr iole  is a p r i m a r y  
rad ia t ion  target .  Since the  cen t rosome  encloses t he  cen- 
trioles, and if the  l a t t e r  are rad ia t ion  ta rge t ,  the  move-  
m e n t  and division of cen t rosome could easi ly be expla ined.  
As s t a t ed  earlier, due  to t he  smal l  size of th is  body,  no 
posi t ive  exp lana t ion  could be offered 12. 

Zusammen/assung. R 6 n t g e n s t r a h l e n  h a b e n  einen be- 
merkenswer t en  Einfluss  auf  die Ink lus ionen  der  m~inn- 
l ichen Geschlechtszel len,  wie er du rch  die V e r k l u m p u n g  

des Chromat ins ,  die Aggregat ion  der  Mi tochondr ien  u n d  
die G r a n u l a n a t u r  des Golgik6rpers  ev iden t  wird.  

P. N. SRIVASTAVA and  R. S. MATHUR 

Department o/ Zoology, University o/ Ra]asthan, Jaipur 
(India), April 22, 1963. 

11 C. C. LINDERGREN, D. D. PITTMAN, and A. YUASA, Trans. N.Y. 
Acad. Sci. 21, 524 (1959). 

12 We wish to thank Prof. L. S. RAMASWAMI for various facilities in 
the Department. Our thanks are also due to Dr. D. G. OJHA and 
Dr. K. N. PANJAL for the irradiation facilities in the M. G. Hospital, 
Jodhpur. 

Changes in Protein-bound Sulfhydryl Group 
Concentration in the Liver o f  R a t s  Fed Cabbage 

The effect  of goi t rogenic  subs tances  on t issues in which  
the  oxygen  ut i l iza t ion becomes  reduced  is well known,  
and  i t  m a y  be expec ted  t h a t  t he  goi t rogenic  agents  will 
affect  t he  level of su l fhydry l  c o m p o u n d s  in var ious  organs  
of expe r imen ta l  animals .  W e  h a v e  found  a m a r k e d  in- 
crease in t he  t o t a l  su l fhydry l  c o m p o u n d s  in t h e  l iver of 
ra ts  af ter  feeding wi th  goi t rogenous  cabbage~. These  re- 
suits  were an i n c i t e m e n t  to  a fu r the r  s t u d y  of the  problem.  

Material and Methods. In  the  p re sen t  e x p e r i m e n t  20 
whi te  female ra t s  of t he  Wis t a r  s t ra in  were  fed win te r  
cabbage  (Brassica oleracea var.  capi ta ta )  for 180 days.  In  
addi t ion,  t h e y  rece ived L a r s e n ' s  diet ,  b u t  no water .  
(Average dai ly  c o n s u m p t i o n  per  r a t  was a b o u t  35 g of 
cabbage  and  7 g of Larsen.)  The controls ,  a group of 10 
rats ,  had  La r sen ' s  d ie t  and  w a t e r  ad libitum. At the  end 
of the  expe r imen t ,  t h e  r a t s  were sacrif iced u n d e r  e the r  

anaes thes ia  by  a p u n c t u r e  of t he  v e n t r a l  aor ta ,  and  the  
re la t ive  we igh t  of the  t hy ro id  and  of t h e  l iver was  de ter -  
mined.  The l iver was  weighed  i m m e d i a t e l y  on being t a k e n  
out  and  to ta l  su l fhydry l  c o m p o u n d s  and  non-p ro t e in  
su l fhydry l  c o m p o u n d s  were d e t e r m i n e d  b y  po la rograph ic  
es t imat ion .  The difference b e t w e e n  to t a l  su l fhydry l  com-  
pounds  and  non-p ro t e in  su l fhydry l  c o m p o u n d s  repre-  
sen ted  the  value  of p r o t e i n - b o u n d  su l fhydry l  groups.  2% 
sulfo-salicylic acid were used for t he  depro te in iza t ion  of 
l iver homogena te s .  In  addi t ion ,  SH - g l u t a t h i o n e  was de- 
t e r m i n e d  in t he  depro te in ized  l iver  h o m o g e n a t e s  and  in 
hemolysed  and  depro te in ized  b lood b y  t h e  m a n o m e t r i c  
m e t h o d  wi th  the  aid of glyoxalase,  p repa red  f rom bake r ' s  
yeast .  The enzyma t i c  e s t ima t ion  of SH-g lu t a th ione  was  
done  according  to  WOODWARD'S m e t h o d  2. All su l fhydry l  

x j .  SEDL/~K, Nature 192, 377 (1961). 
z G. F. WOOD'~VARD and E. G. FRY, J. biol. Chem. 97, 465 (1932). 

Determinations performed in the experiment 

Type of estimation Experimental group Controls Significance 
E (n = 20) a C (n = 10) of difference 

Thyroid weight in mg[100 g body weight 9.01 4- 1.77 b 6.76 4- 0.49 E > C 

Liver weight in g/100 g body weight 

Thiocyanate in serum according to Aldridgc, in mgm% SCN -1 

Total sulfhydryl compounds in liver estimated polarographically 

Protein bound sulfhydryl groups in liver 

Non-protein sulfhydryl compounds in liver estimated 
polarographically 

SH-glutathione in liver estimated enzymatically 

SH-giutathione in blood estimated enzymatically 

significant 
p ~ o.ool 

3.71 =[2 0.31 E 2> C 
non-significant 

1.08 4- 0.19 E > C 
significant 
p ~ o.ool 

E > C  
significant 
p ~ 0.02 

337.6 ~ 123.90 E > C 
significant 
p ~  O.Ol 

E > C  
non-significant 

C > E  
non-significant 

C > E  
non-significant 

3.44 i 0.34 

0.36 4- 0.10 

520.60 4- 155.50 ¢ 37"2.30 4- 68.30 

193.80 -t- 68.70 

187.70 ~ 27.50 176.°~0 ~ 19.10 

188.20 4- 43.30 195.40 -4- 38.60 

40.96 4- 7.34 ,i3..10 4- 8.46 

a n = Number of rats in the experiment, b (~ + a) ~ Average + standard deviation, c All sulfhydryl compound fractions are expressed in 
rag% of SH-glutathione in fresh liver or blood. 


